This paper presents Monte Carlo simulations which compare the empirical performance of two alternative single equation estimators of the equilibrium parameters in a dynamic relationship. The estimators considered are Stock and Watson's dynamic ordinary least squares (DOLS) estimator and Bewley's transformation of the general autoregressive distributed lag model. The results indicate that the Bewley transformation produces a lower mean-square error as well as superior serial correlation properties even with lower truncation lags for the lagged variables included in the estimation equation. An application is then provided which examines the nature of the equilibrium relationship between aggregate US exports, world trade and the US real exchange rate. This confirms that estimation of the equilibrium parameters of this relationship by the Bewley transformation produces results which are superior to estimation by DOLS.
Introduction
In recent years Dynamic Ordinary Least Squares (DOLS) estimator introduced by Stock and Watson [9] has become a popular method for the estimation of equilibrium parameters in dynamic relationships between variables containing unit roots. The estimator has a number of features in common with an earlier estimator proposed by Bewley [1] . Despite the fact that Bewley's estimator (or the 'Bewley transformation' as it is popularly known) was introduced prior to the development of an extensive literature on the implications of unit roots in econometrics, we believe that it has a number of properties which make its performance superior to that of the DOLS estimator. As a result, we believe that this estimator has been unjustly neglected and that the comparison of its properties relative to that of the DOLS estimator presented in this paper are intended to demonstrate why it should be given more prominence in the applied econometrics literature.
In this paper we present Monte Carlo simulations which compare the empirical performance of the Bewley transformation and the DOLS estimator. The results indicate that the Bewley transformation produces a lower mean-square error as well as superior serial correlation properties even with lower truncation lags for the lagged variables included in the estimation equation. An application is then provided which examines the nature of the equilibrium relationship between aggregate US exports, world trade and the US real exchange rate. This confirms that estimation of the equilibrium parameters of this relationship by the Bewley transformation produces results which are superior to estimation by DOLS.
The plan of the paper is as follows: In section 2 we examine some statistical issues relating to the DOLS estimator and the Bewley transformation. We demonstrate that each of these estimators is superconsistent when the data series in the equilibrium relationship contain a unit root. However, we also demonstrate that the Bewley transformation is necessarily biased in small samples because of the non-zero covariance of the current change in the dependent variable and the error term. In section 3 we set out our data generation process for a Monte Carlo investigation of the properties of these estimators and present simulations under a variety of scenarios. This is followed in section 4 by an application of the methodology to an equilibrium relationship between aggregate US exports, world trade and the US real exchange rate. Finally, in section 5 we present our conclusions.
Consistency of the DOLS estimator
The dynamic ordinary least squares (DOLS) estimator has become a popular method for the estimation of the parameters of cointegrating relationships between integrated variables. This estimator has been popularised by Stock and Watson [9] , building on earlier work by Saikkonen [8] , and has since become established in the applied econometrics literature. Examples of its use can be found in Masih and Masih [5] , Konno and Fukushige [4] , Narayan [6] and Narayan and Narayan [7] .
The DOLS estimator takes the form:
where y and x are integrated series of the same order and u is a stationary random error.
The parameter 1 γ measures the equilibrium or long-run response of y to x and the x ∆ terms capture the short-run relationship between the variables. The truncation lag k is chosen so that the errors are white-noise.
The nature of the DOLS estimator can be illustrated using the example of the finite distributed lag model (cf. Hendry [3] )This takes the form:
where x is a weakly exogenous random variable and u is a random error with the standard Gaussian properties. This can easily be reparameterised to the DOLS format of: 
Now if x is an ( ) 
This can also be reparameterised to yield: 
If x is ( ) as T → ∞ . This is again, the simple OLS formula for a simple regression of y on x and, because simple OLS is superconsistent, it follows that this reparameterisation also yields super-consistent estimates. In this case however, finite sample estimates will be biased.
The reparameterisation (6) A final issue concerning the DOLS estimator is the role of 'leads' in the DOLS regression equation. Stock and Watson [9] argue that the leads of x ∆ in equation (1) allow for feedback in cases where x is Granger caused by y. In a recent paper Hayakawa and Kurozumi [2] investigate the use of leads in the DOLS model and conclude that its performance can be improved significantly when the leads are excluded, provided that it is first established that x is not Granger caused by y.
Simulation results and comparison with alternative estimators
The data generation process (DGP) used for the simulations in this paper is the same as that used by Hayakawa and Kurozumi [2] . This DGP is used partly because it forms a standard benchmark for the analysis of cointegrating relationships between variables and partly to facilitate comparisons with the Hayakawa and Kurozumi paper. It is specified as follows: 
This DGP is simulated using the EViews seeded random number generator for the normal H γ ≠ using the 5% critical value from the standard normal distribution. Since all the processes considered contain a unit root, we would expect that the standard normal critical values would not be appropriate. However, it is still interesting to examine the differences between the alternative models in terms of the rejection frequency. In terms of the bias and the mean square error, it is clear from Table One that 
Example: US Export Demand 1978q4 to 2005q4
As Equation (8) Next, we estimated an equilibrium relationship using the Bewley transformation. Again, the Schwartz criterion was used to determine the truncation lag for the number of differenced variables and this produced a truncation lag of zero in this case, i.e. the current value of each of the differences. The results are reported in equation (9) 
The estimates of the long-run elasticities given in equation (9) Breusch-Godfrey tests for equation (9) both indicate than we cannot reject the null hypothesis that the residuals are serially uncorrelated. In addition there is no evidence of an ARCH process or of non-normality in the residuals. Thus equation (9) appears to be a statistically well specified equation whereas equation (8) is clearly badly misspecified.
A comparison of the two methods therefore confirms that it is much easier to obtain a well-specified, parsimonious equation using the Bewley transformation than using the DOLS methodology. Our Monte Carlo analysis indicates that even with the Bewley transformation, it remains the case that the distribution of the long-run coefficient estimates is non-standard. However, the distribution is much closer the t or normal distribution than would be the case for the dynamically misspecified DOLS equation.
This can be useful when testing hypotheses of interest. For example, in equation (9) when we wish to test 0 2 : 1 H β = , where 2 β is the long-run elasticity of US exports with respect to world trade, the Monte Carlo analysis shows us that the standard errors are probably biased downwards slightly. Therefore the fact that we cannot reject the null at the usual 5% significance level adds to our confidence that this is a reasonable restriction. In contrast that fact that we can reject the same null for the DOLS model tells us nothing because the misspecification leads to such biased estimates of the standard errors that it is almost inevitable that the null will be rejected in this case.
Conclusions
This paper has investigated alternative single equation estimation methods for cointegrating parameters. All the methods investigated produce generally low bias and MSE which reflects the fact that all these methods will produce super-consistent estimates when applied to non-stationary data. Although the DOLS method is widely used in the current applied econometric literature, our results indicate that the Bewley transformation estimated using instrumental variables produces better results in terms of slightly lower MSE and noticeably better serial correlation properties. We have investigated an applied example which relates the demand for US exports to the level of industrial country exports and the US real effective exchange rates. This indicates that the Bewley transformation produces more plausible estimates of the parameters of interest (the long-run elasticities) as well as producing a statistically well specified equation which is considerably more parsimonious. Therefore, both our Monte Carlo analysis and our example are consistent with the argument that the Bewley transformation provides a more satisfactory method for the estimation of long-run parameters in a dynamic model.
